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ABSTRACT 

When students feel that their learning needs are not 
being met by computer-aided instruction, learning becomes passive, 
often resulting in boredom, frustration or a dislike for learning 
with computers, "Button Theory" allows the student to express his 
feelings and questions to the computer at the touch of a button, thus 
enhancing control over the learning process, "Button Theory" is 
implemented by means of a comprehensive set of messages, which the 
student can use to interact with and control the computer-based 
tutor; each message corresponds to one button represented by an icon 
on the computer screen. In order to examine the feasibility and 
adaptability of "Button Theory" across different computer-based 
learning environments, it was implemented in a prototype CAI system 
on astronomy. Solaria, Thirteen buttons were chosen for 
implementation in Solaria, and were divided into three categories: 
feelings, questions, and control. Messages in the questions and 
control categories were found to be generic, while those in the 
feelings categories were less so. One implication of this is that the 
development of a learning environment based on "Button Theory" would 
be simplified; a core set of conditions or contextual variables on 
which to select a response to a button press is needed, (AEF) 
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^ Abstract: Much research has been directed towards the interactivity of computer-aided 

^ instruction (CAl) software. Button Theory allows the student to express his feelings and 

^ questions to interact with the computer at the touch of a button, thus enhancing control over his 

00 learning process m a CAI environment. We describe the initial results of our study in 

implementing Button Theory in a directive learning environment and offer some comments on 
t-J Its genencity m different learning environments from a designer's perspective. 

Introduction 

In most computer-aided instruction (CAI) software as well as other computer-based learning environments 
today, students generally lack control over the instruction they receive. When students feel that their learning 
needs are not being met. learning becomes passive for them, often resulting in boredom, frustration or a dislike 
tor leaming through computers. 

Button Theory advocated by Roger Schank's group at the Institute for the Learning Sciences [Jona et al 
1991]. provides the studem using computer-based leaming enviromnents with as much control over what they 
see hear and leam. Button Theory is implemented by means of a comprehensive set of messages, which the 

" T i° computer-based tutor. Rather than using natural language 

processing (which ,s difficult), each message corresponds to one button, represented iconically on the computer 

svsrem wT' w ' '° ^'"'^^'"^ of incorporating Button Theory in a hypennedia CAI 

system. We seek to address this question: how feasible and adaptable is the use of Button Theory across different 
computer-based leammg enviromnents. We are currenUy approaching this from a designer's perspective and 
have not gone on to doing this from the user's perspective. We have implemented our inteiprelatiorof 

LtZt^n' ^'h""^ '^''"""^ °" ''""'^ ^ description of the 

mterpre^don and implementation oiButton Theory in Solaria, we will discuss the genencity of the theory i e 
we discuss Whether each message (and hence, the button) proposed in the theo^ can be general enZh to 

STer-tXer^rzO^^'^'^^^^^ 

categ"r=g^s"m^:cr^^^^^^^ 

Feelings - "Awesome!". "Boring". "No Way". "Huh?". "Too Haid"- 

Questions - "How Do I Do That?". "Now What?". "What's the Point?" "Why''" "History"- 

Control - "Change Task". "Back up". "Big Picture". "More Detail". "Skip This "' 

A full description of the meaning of each can be found in the original paper [Jona et al. 19911 We will next 
discuss our inteipretation of the Button Theory in Solaria. ^' 

Interpretation of the Button Theory 

fho a1 °^ *hich were most appropriate to the context of 

the domain ,.e. astronomy were chosen for implementation n.Solaria. 1^. main function of these buttons was 
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to act as user responses and control to interact with Solaria. 

Implementing them, however, was tedious as each of these buttons could be interp«:ted in many ways. This 
was due to their flexibility and relative generality. To reduce overlapping interpretations between buttons and to 
maintain consistency in system response, the interpretations for each button were pared down to only the 
essential ones» We expect that this streamlining will in no way reduce the responsiveness of Solaria nor the 
interaction between the user and Solaria. In fact, having an essential set of interpretations helps to train the user 
to more accurately express his feelings by selecting the most appropriate buttons. This will help to prevent abuse 
of or over-reliance on general buttons like "Huh?" and "Why?". 

Feelings Group 

Awesome The user expresses his enthusiasm for the current topic or task being learned. This button serves 
basically as feedback to the teacher from the student as regards to the subjectAopic under study at that particular 
point in time. This button which conveys the user's enjoyment provides an important opportunity for the teacher 
to gather useful information about the student* s preferences and interests. 

Too Hard The user is suggesting that the material presented is too hard for comprehension. As such, he will 
like to be given the option to restart the same topic again at a lower level of complexity. At that level, the 
difficulty level of the material will be less and the style of presentation will also be simplified. 
Boring The user is suggesting that the material presented is too easy and that he is getting uninterested. As 
such, he will like to be given the option to restart the same topic again at a higher level of complexity or presented 
with more interesting material on the current topic. At that level, the scope of the material will be wider and the 
topic will be studied in greater detail. 

Huh? "Huh?" is a very general button that can be easily abused. Therefore, the interpretations were limited 
to these few essential ones which are, as far as possible, not duplicative of other button interpretations. In fact, 
special care has been taken to ensure that its interpretations do not clash with those of the other general buttons, 
such as "Why?" and "What's the Point?" 

i) Under normal circumstances, the user is indicating a complete lack of understanding to the material being 
presented and would like a further or altemative explanation. 

ii) If this button is selected after some animation or display, it is similar to i) and the user is seeking further 
clarification on the animation or display. It should be noted that for some of the queries the user is asking, the 
more appropriate button to select should be the "Why?" button. The "Huh?" button acts as a catch-all safety net 
which will handle the rest of the queries which are not covered by "Why?". 

iii) If this button is selected right after some recommendation has been made to perform some action, the user 
is indicating that he does not know how to go about performing the recommended action. For example. Solaria 
can suggest to the user to click on an icon of the Halley's Comet to see an animation. At this point, if the user 
clicks on "Huh?", it indicates that he does not know that he is supposed to move the cursor and select the comet 
icon by shifting the mouse and clicking on the button. 

Questions Group 

History The user needs to know all the topics that he has covered so fan He is presented with a sequential 
list of these topics covered. 

How (do I do that)? After viewing certain animation or experiment being conducted, the user will like to given 
a step-by-step demonstration on how to duplicate the experiment. 

Now What? The user is expressing that he is unsure on where to proceed to or what to try out next and will like 
to be provided with some recommendations* 

What's the Point? Depending on the circumstances, there are two separate system responses provided. Even 
though the responses are different, selecting this button can still essentially be viewed as asking the question: 
What is the point of that? 

i) If selected right after a recommendation was made for the user to perform or try something, it is indicative 
that the user wants to know how this suggested action relates to the topic being taught. 

ii) If selected after some animation or display, it is indicative that he needs to know how the presented relates 
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ln^l!;LrLt;Thett> "^^^ ^^'^ ^^^^ °f ^avang me do that? For 

toptc of gravtafon? The system response would be: "To illustrate the forces of gravitation at work in our solar 

Why? This is one of tJie more general buttons and can have one of these interpretations- 

U Under normal circumstances, the user is implying that he does not undpnitanH r.r tho, 

the logic of the material being presented and wouid likf further Scation '° 

iLekfn^L'rer h'p t"';"" "'''f "^'^ "'"''^''^ P^^^"'^'^- " to (i) and the user 

• Ws L Pdn ^ Tn r the an,mat,on or display. For instance, under the same example given und 

urmiPh^hT ; • Z^'TT °^ P""'^ '"^'^^S shown. By clicking on "Whv^"Te 

L "TOs s^.tt I ' ° r'^''' ^ ^"'P^" sun?" T^e system' LonL wouW 

be. This IS due to the gravitational forces between the sun and the planets " response wouia 

in) If this button is selected right after some recommendation has been mpHp tn n»rf^r,^ 
Control Group 

SkiD r''^ '° '■'"''^ P'^"*""^ '^"-^^d b^fo'-e continuing 

^Kip The user is finding the current topic uninteresting difficult or hnrino , a T 

next topic. It must be noted that this button does not duplicate .k7wl^^^^^^^^ '° 

Big Picture The user feels that he needs to know how the current topic relates toT n^^^^^^^ . ■ 
astronomy. uic. ^unciu lopic relates to the parent topic or even 

Genericity of the Button Theory 
or easily adaptable i„ >ny eXI^wro "f^fn^J^^:^:* 

■template- of codes which can be implemented in any do^\ta h H™S™ „1? T T "".f"' ' 

The conditions employed by Button Theory have been clp<;MfipH i^t^ .i, 

student knowledge, and communication histo,?^, ^d anTex^ S 21^ ^""""P^ °^ ^^'^^"^ g°^>S- 

appropriate or meaningful ..sponses to the meT aS express" by ^e™^^^^^ f TJ' ^° 

to analyse all the possible conditions and then dptlin! Tu, J ' '^^^eloper the system needs 
poss.econt..^.esys.m.S^^^^^^^^ 

exam:^.-i're:ti;r;^r^^ :rsxr^:^ - 

territory and food") or askSTdtsome task i Mrf. tSt " "^'"^^^ ^'S^t over 

ob..edsomeac.ons(e.g..acMm;TalSiptantr^^^^^ 

with regards to any of the scenario above. When a fact is presented ^e c^iMwi ^ "^"^ 

When user is asked to do a task, the condition "Action- Asked^i tno Zt "^ Fact-Presented" would be true. 

to determine the context, each relevant condition in tEet c Xon^s iesn^^^^^^^ ^"T° " 
appropnate responses can be made. ^"""laons is tested. Once the context is determined. 
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Types of Learning Environments 

As there are many different types of environments of teaching and learning, it would be appropriate to 
categorise all environments. We look initially at two broad types of learning environments. The first one is 
directive teaching/learning in which the environments cover instructional or factual materials. An example of an 
instructional environment would be "How to operate a sophisticated machine" where teaching involves 
providing the learner with a set of step-by-step instructions to operate the machine. An example of a factual 
environment generally would be academic in nature such as physics or chemistry or as implemented, astronomy. 
In this environment type, the facts are presented and taught to the student. 

The second category is one of exploratory or discovery teaching/learning. An example would be the 
ChimpWorld environment described in [Jona et al, 1991] to teach the behaviour of chimpanzees. The messages/ 
responses from the student will differ from the first category. [Oiay et al, 1994] provides a comparative analysis 
of the buttons used in Solaria and ChimpWorld. 

We will next discuss the genericity of the theory in relation to these two types of learning environments. 

(a) Some buttons proposed in the theory but are not necessary or relevant 

In the implementation of the theory in Solaria (one of directive teaching and learning t/pe of environment), 
13 of the 15 messages were used. The two messages in the initial theory not used are "No Way" and "Change 
Ttask". "No Way" was excluded for the simple reason that it is used to express the student's disbelief or surprise 
of some thing, probably fact, presented. To.respond to this expression will be very difficult as the cause of the 
feelings would be unknown to the system. Hence, we would rather the student express this feeling in another 
form, probably by asking questions "Why?", etc. 

On the other hand, "Change Task" was excluded as we felt that the message was more appropriate for the 
intuitive or exploratory type of learning where a student can choose to change the task t^ it he is currently doing. 
In the case for astronomy, the student can easily change the topic of teaching by going back to the menu to select 
another topic. Thus, messages that deal specifically with intuitive or discovery learoing may not be relevant in 
an environment which is directive or factual in nature. 

(b) Some buttons not proposed in the theory but are necessary 

There were also some messages which were needed but not proposed. The messages in this category are 
mainly those of the fact-seeking or fact-clarification type. An example would be when a student is learning about 
solar eclipses, he would like to know about other types of eclipses (if any) in which case he would need to express 
the "What are the related topics" message. We tried to circumvent such messages using those that were proposed. 
Although certain messages can be circumvented or rephrased easily, there were some messages tliat were quite 
ambiguous as a result of circumvention. There are yet others that just could not be rephrased in any other way. 
In the latter case, we propose new messages and hence buttons. 

An example of a message that is not supported by the theory is "What makes the Sun appear brighter than 
the other stars?" or "How is it that the Sun appears very bright?". Both these messages can be circumvented using 
"Why does the Sun appear brighter than the other stars?". This is an easy example. Others may not be easy. 

Two new buttons were used in the system. They were "Glossary" and "Related Topics". Both these buttons 
are related to fact-seeking as mentioned earlier. "Glossary" provides a simple explanation of a term while 
"Related Topics" provides curious students with more facts. 

One very prominent question or message that is not in Button Theory is "What?" It seems that in a directive 
environment, a significant number of questions can be based on "What?". We also suggest that the "How do I do 
that?" message be expanded to just "How?". This is to include other "How?" questions such as "How does the 
earth revolve around the Sun?" or "How is our Sun like other stars?" We however did not experiment further with 
this suggestion although the need for such a message did arise a few times. 

(c) Environment specific buttons 

To summarise, there are buttons which are mainly used in a directive environment for learning, and there 
are others that seem only relevant to an exploratory or intuitive environment. Examples of the former are 
"Related topics", "Glossary", etc. while examples of the latter environment would be "No Way" and "Change 
Task". Some other buttons in the theory, which have the same semantic sense in both the types of environments, 
could very well be different functionally. The 'Too Hard" message in a directive environment would mean that 
the student finds the material too difficult to understand and an appropriate response by the system would be to 
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rephrase tne concept/fact in simpler terras. However, in a exploratory environment. "Too Hard" could be used to 
express the same feehng but the system would respond either by reviewing the material in a slower manner or 
by asking the student to carry out some active task which would increase his understanding. 

Another environment specific button that needs to be mentioned is the "Huh?" button. This button is used as 
a catch-all, with the student using it to the exclusion of the other buttons. As a result, it is so general and very 
vague and therefore, by that inherent characteristic, is very environment specific. In fact, this button is not just 
environment (directive or exploratory) specific but is even domain-knowledge specific. For example an 
appropnate response to "Huh?" in physics might be very much different from that in botany, even though in both 
domains, it conveys the student's confusion. 

Other buttons that might be environment specific fand may be to a certain extent domain of knowledge as 
well) are Awesome!' and "Boring". As both these buttons are used to express some feelings, it is up to the 
designer or developer to mteipret those feelings and to respond to them in the most appropriate way deemed by 
hmVher. For example, we decided at some times to interpret "Boring" to mean that the material was too easy 

Thi'lL'; r. '^T^; u'' '^^^ ^'P"""" '° f"™^-- '° P^«e°' f"«her materials with 

a higher level of difficulty while the response to the latter was to either tell a story, myth or legend relating to the 
matenal presented or simply ask the user to skip the topic or skip to a haixler level (see diagrams in next page) 

tncTrw " ' 5""°"' ''''^""y °f '"^"^g^^ ^'■^ environmem specific 

buttons. This is quite logical considenng the nature of the category. 

(d) Environment independent buttons 

h..nonf P'""*""' '° ^=^^^8°^- ™s would mean that all the 

buttons in the Questions category and all but one button (i.e.. "Change Task") in the "Conttol" category are 
environment mdependent. This may not be suiprising for buttons in the "Control" category 

^Tr'J°' ^"'T ^tegory. one would expect that since the messages in the category 

pertain to the domain, this would inherently imply that such buttons are also enviromnent specific. However we 
concluded other^-ise. The main reason for this is that in oixler to make appropriate or meaningful responses to 
the messages expressed by the student, the system needs only consider the contexts that the sLent is in when 
such messages are expressed. Indeed, the contextual elements proposed in Button Theory (e.^ Sr^ nT-G^l 
tSlr, r"i'''°f"''°'"^'P''"''- Action-Not-Explained. Repeated-Last-Button'press) conta^no 
c^tTri t T '° ?! '"'"''^ ^" g*^^" environment or domairl, the context 

can be denved from such a set of determinable conditions. All possible conditions must be thorougWy analysed 
by the developer. Appropnate responses to messages can then be made by examining the relevant conditions. 

Conclusion 

In summary, this study suggests that the buttons/messages in the Control and Questions categories can be 
genenc while those m the Feelings category are less generic. One impUcation of this is that the devdopment of 
a learning environmem based on Button Theory would be simplified. We need to acquire a core se^of coSns 
or contextual vanables on which to select a response to a button press [Jona et al. 1991] TemplSs of cS s fo 
the responses neolonlyto be developed once. ForadifferentdomL. these codes ca^^^^ 

^nt T'".- "^''T'"'''' °' "'"y P^"^''^^ '"^'^''^ ^-t-tual var^able'if neSS L 

the rules by which the buttons (and the system) respond to the user. A definite area for further woii wiH i,e^o 
conduct studies of actual sttidents using the system. TOs will provide further empirical studSonl^ J'L^;^ 
Another area to investigate is the extent to which Button Theory ease or increase the cogiStive load onTe 
students that is created by "navigating" while tiying to leam. compared with other types of u^r-iSerfa^s 
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Space is generally considered to begin 
at the upper edge of the * atmosphere, 
about miles above the Earth's surface. 

The solar system is part of space. It is 
composed of the Sun, which is a star, 
the 9 planets and their moons, 
asteroids , meteorites and comets. 

The planets fall into 2 categories: the 
terrestrial planets and the gas giants. 
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Environment-dependent card 1 

Tb demoMtreLte the tise of "Boring" button 
User cUclis on^Bonng* tjutton. 
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The solar system is part of space. It is 
composed of the Sun, which is a star, 
the 9 planets and their moons, 
asteroids , meteorites and comets. 

The planets fall into 2 categories: the 
terrestrial planets and the gas giants. 
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Environment-dependent card 2 

He is presented vith a choice of actiona. He selects the 'See Story" option. 
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